We describe the synthesis of three angelicin derivatives which can be used for labeling nucleic acids with biotin. These compounds were used to label nucleic acids in the presence of lysed cell constituents. The resulting labelled nucleic acids show hybridization to a genus specific probe for E^ coli. The relative comparison of sensitivity indicates that a polyamine linker is better than a polyethylene oxide linker between the biotin and angelicin moieties.
INTRODUCTION
Nucleic acid hybridization is a novel method for the identification of specific genome sequences and may be used for the diagnosis of infectious diseases, genetic defects and other related problems in plants and animals. The progress in the application of this technology has been slow, in part because of the inavailability of appropriate nonisotopic readout systems. A critical requirement for these systems is the need of a simple method of labeling sample nucleic acid, in the presence of lysed cell constituents, with a reporter molecule, which can then be detected after hydridization.
Recently, two efficient nonenzymatic photochemical methods of labeling nucleic acids have been described in literature. Photolabeling with the arylazido compounds described by Forster (1) and modified by Yehle (2) yield nitrene intermediates which are not specific for nucleic acids. Since these reagents can also label proteins and other molecules, it is desirable that the nucleic acids should be purified before labeling. The other photolabeling method uses a psoralen derivative (3) , which can produce intrastrand crosslinks and thus requires a specialized type of nucleic acid probe for labeling. Although psoralen The objective of the present investigation was to synthesize new photoreagents for labeling nucleic acids with the following properties:
(i) The photoreaction is specific for nucleic acids.
(ii) The product will undergo strand separation for hybridization. If these two criteria are met the compounds should be able to label nucleic acids in a crude cell lysate or in other impure forms which are usually encountered in a clinical laboratory.
The present paper describes the synthesis of three compounds which can label nucleic acids without impairing their ability to hybridize. The paper also describes how nucleic acids can be labelled in a crude (simulated) clinical sample using these compounds. The new compounds are derivatives of 4,5'-dimethylangelicin which are linked to biotin. Two types of spacers (polyamine and polyethylene oxide) between biotin and angelicin have also been compared.
MATERIALS AND METHODS
Horseradish peroxidase linked to goat anti-biotin antibody was purchased from Zymed Laboratories, Inc. N,N'-dimethyldiaminobutane was obtained from Columbia Organic. All other organic reagents were purchased from Aldrich and were used without purification. Inorganic reagents were ACS grade from Fisher Scientific and reaction solvents were ACS or HPLC grade from J. T. Baker.
l-Amino-17-N-(biotinylamido)-3,6,9,12,15-pentaoxaheptadecane (amino-PEG-biotin) and biotinyl-PEG-azide were prepared as described previously (2) . N-(4-azido-2-nitrophenyl)-N'-(N-biotinyl-3-aminopropyl)-N'-methyl-1,3-propanediamine (Photobiotin) was prepared as described by Forster (1). Other uncommon reagents were synthesized as described in the appropriate sections below. All reactions involving the preparation of photolabeling reagents were performed under darkroom conditions.
Thin-layer chromatography (TLC) was performed using silica gel 60F-254 plates from E. Merck. Flash column chromatography was performed using E. Merck or American Scientific Products Silica Gel 60 (230-400 mesh). Products containing biotinyl residues were visualized on TLC using dimethylaminocinnamaldehyde spray reagent (5). Biotinyl-PEG-Angelicin (BPA. I) A solution containing 760 mg (1.5 mmol) of amino-PEG-biotin (2) and 2 mL of DMF under an Ar° atmosphere was treated with 292 mg (1.8 mmol) of N,N-carbonyldiimidazole and then stirred for 4 h at ambient temperature. Analytical TLC (SiO 2> 4:1 CHC1.J-CH.JOH) indicated a complete conversion of starting material (Rf = 0.1) to imidazourea (Rf = 0.5). The solution was then treated with 243 mg (1 mmol) of 4'-aminomethyl-4,5'-dimethylangelicin (7), 1.39 mL of diisopropylethylamine (1.03 g, 8 mmol) and stirred at 50° under an Ar° atmosphere overnight. The solvents were then removed in vacuo. the residue dissolved in CH,0H, adsorbed in vacuo onto SiC^, and flash chromatographed atop a 100 g SiC>2-60 column using a 9:1 CHCl.-CHgOH solvent mixture with 25 mL fractions collected. Fractions containing the product were then pooled and concentrated to give 0.63 g of an oil. The product was dissolved in acetone containing a trace of methanol and precipitated with ether. Centrifugation was used to isolate the flocculant white precipitate. The product was dried at 50°, 0.1 mm, to give 450 mg of a white, tacky solid (52% yield). mp 80-83°. Upon standing at RT over several days, a white precipitate results which was determined to be the carbonate salt on the basis of the following data.
Analysis:
Calculated The filtrate which contained the desired product was evaporated in vacuo and flash chromatographed on 500 g of SiO 2 -6O using a 15:5:1 CHCl,-CH,OH-conc. NH/OH solvent mixture with fractions of 25 mL collected. Fractions containing the product were pooled and concentrated to give 1.127 g of a colorless foam, which was precipitated as a white powder from isopropanol-ether and dried at 55°, 0.1 mm.
The yield of product was 958 mg (42%). Fractions containing the product were pooled and concentrated to a solid which was dissolved in 5 N HC1 and evaporated to an oil. The oily product was azeotropically evaporated twice with toluene, then precipitated as a white powder from ethanol-ether and dried at 55°, 0.1 mm. The yield of product was 209 mg (76%). Biotinyl-Spermine -Angelicin (SP2. VII) A suspension of 58 mg of VI (0.24 mmol) and 137 mg of IV (0.3 mmol) in 3 mL of CH 3 OH was treated with 25 mg of NaBHjCN (0.4 mmol). The resulting suspension was warmed briefly to dissolve the contents and was then allowed to stir 2 h at ambient temperature. Analytical TLC (SiO 2> 30:10:1 CHClj-CH.OH-conc. NH.OH) indicated complete conversion of aldehyde VI to a mixture containing a major product (Rf = 0.3). The mixture was treated with 50 vL of 0.5 N HC1, stirred for 5 min and then neutralized with 50 yL of 0.5 N NaOH. The solvents were then evaporated in vacuo and the residue flash chromatographed on 60 g of Si0 2 -60 eluted with a 40:10:1 CHCl 3 -CH 3 OH-conc NH^OH solvent mixture, with fractions of 25 mL collected. Fractions containing the product were pooled and concentrated to an oil which was dissolved in 3 mL of 4 N HC1 and evaporated to a solid. Residual water was removed by azeotropic distillation (12 mm) twice with toluene. The white solid was then precipitated from ethanol-ether and dried at 53°, 0.1 mm. The yield was 96 mg (51%). mp. effervesces slowly above 147°, decomposes 202-220°. The photolabeling of DNA with arylazide biotinylation reagents was performed as described previously (2) . Photolabeling with angelicin biotinylation reagents is described as follows. Labeling reagents were mixed with DNA in 0.1 M EDTA, pH 8, to give final concentrations of 1.0 mM and 0.5 mM (bases or base pairs), respectively. Samples were irradiated using either a 1 mL quartz cuvette in an SLM-8000 spectrofluorimeter or a 6 x 50 mm disposable borosilicate glass tube in an Aminco-Bowman spectrofluorimeter (borosilicate glass absorbs light below 300 nm). The window of light exposure ranged from 310 to 370 nm with the maximum intensity set at 340 nm. Samples were irradiated from 2 to 4 h.
After photoactivation, the solution was made to 0.1 M Tris-HC1, pH 8, with 1 M stock solution and extracted twice with an equal volume of 2-butanol. The aqueous solution was made to 0.3 M sodium acetate with a 3 M stock solution, then diluted with two volumes of 100% ethanol. After freezing the solution with dry ice, the DNA was precipitated by centrifuging at 13,000 x g for 15 min at ambient temperature. The supernatant was decanted, the DNA dried in vacuo, and then dissolved in 10 mM Tris-HCl, pH 7.4, 1 mM EDTA. The concentrations of DNA and biotin were determined by the fluorescent and ARIS-biotin assays, respectively (2).
Study of Labeling Efficiencies of Biotinylated Aneelicin Analysis
Each of the biotin analogues were diluted to 10 yM into 0.1 M sodium phosphate buffer, pH 7.0, 0.15 M NaCl containing 33 yg/mL (50 yM) calf thymus dsDNA. A sample of biotinyl-PEG-angelicin was also diluted into 0.1 mM EDTA, pH 8, with the same amount of DNA. Samples of 50 yL were exposed to light of 340 ± 30 ran for 1 h. The samples, along with 50 yL samples not irradiated, were diluted with 450 yL H 2 0 (0.1 M Tris-HCl, pH 8.0, for the samples not containing salt) and extracted 2x with 0.5 mL 2-butanol, diluted 107o v/v with 3 M sodium acetate, and the DNA precipitated with two volumes of 100^ ethanol. The centrifuged pellets were dried, then dissolved in 250 yL 10 mM Tris-HCl, pH 7.4, 1 mM EDTA. The DNA and biotin concentrations were determined by the fluorescence method and ARIS assay (2) . Solid Phase Immobilization and Labeling Procedures E. coli cells were grown in nutrient broth and diluted to a o concentration of 10 cells per mL. The cell suspension was diluted to 10 cells per mL and concentrated NaOH solution was then added to a final concentration of 0.1 N. The mixture was then heated to 100°C for 15 minutes to lyse the cells. After neutralization with 0.1 N HC1, 50 microgram of photoreagent was added and the mixture irradiated using a model UVL 21 lamp (UVP products, San Gabriel, CA, USA) for 1 h. This labeled sample solution was then used in subsequent hybridization experiments without further purification.
A panel of probe nucleic acids were prepared by immobilizing denatured whole genomic DNA of the corresponding microorganisms as follows. The probe nucleic acids were denatured in the presence of 0.5 M NaOH and 0.5 microgram of each probe was spotted onto a strip of a dry nitrocellulose paper (Schelicher & Schuell, Inc., Keene, NH, USA). The sheet was then soaked and rinsed in an aqueous solution containing 1.5 M NaCl, 0.5 M Tris-HCl, pH 7.5 and finally baked at 80°C under vacuum for 4 h to fix the probes.
The nitrocellulose filters containing immobilized probes were prehybridized for 30 minutes at 68°C in a sealed poly- Incorporation rate of biotinvl-PEG-angelicin into dsDNA. Under subdued light, 85.3 yL of 1.16 mg/mL calf thymus chromosomal DNA (non-denatured) was mixed with 30 yL 10 mM biotinyl-PEG-angelicin and diluted to 300 yL with HoO. Aliquots of SO yL were placed in a siliconized 6 x 50 mm borosilicate glass tube and exposed to a wavelength range of 340 ± 30 run for indicated times. The samples were extracted with 2-butanol and the DNA precipitated with ethanol as described in Methods. The DNA and biotin concentrations were determined by the fluorescence assay and the ARIS assay, respectively, and plotted as a ratio of DNA base pairs to biotin.
propylene bag in an aqueous mixture containing 10% polyethylene glycol (MW 6000), 5% nonfat dry milk, 3x SSC (15 mM sodium citrate buffer, pH 7.0, 0.15 M NaCl), 0.02 M sodium pyrophosphate, and 1 mg per mL of herring sperm DNA.
The bag was cut open after prehybridization and 300 microliter of the labelled sample was added. The bag was then resealed and incubated at 68°C for 1 h for hybridization.
After hybridization, the filters were taken out of the bag and washed and blocked before biotin detection. Washing solution was 1% SDS in 0.1% SSC at 68°C and blocking was done with 1% Tween 20 in 0.1% SSC at ambient temperature.
Biotin detection in the hybrid was performed using a modified enhanced chemiluminescent method (8) . The modifications Labeling experiments performed using 10 yM biotin analog and 50 yM calf thymus dsDNA in (1) 0.1 M sodium phosphate buffer, 0.15 M NaCl pH 7 or (2) 0.1 M sodium phosphate buffer, pH 7.
were in the use of an antibiotin (instead of strepavidin) linked horseradish peroxidase conjugate and the use of a buffer containing 40 mM Tris and 40 mM ammonium acetate (pH 8). The chemiluminescence enhancer used was p-iodophenol.
RESULTS

Relative Photolabeling Efficiences of AnRelicin Biotinylation Reagents in Solution
The rate of photolabeling DNA by angelicin biotinylation reagents was determined by quantitating biotin/DNA ratios of samples irradiated for different times. Under subdued light, 85.3 pL of 1.16 mg/mL calf thymus chromosomal DNA (native) was mixed with 30 yL of 10 mM biotinyl-PEG-angelicin and diluted to 300 yL with H-0. Aliquots of 50 yL were placed in siliconized 6 x 50 mm borosilicate glass tubes and irradiated for the indicated times. The samples were processed as described in Methods and the concentrations of DNA and biotin determined. The molar ratio of DNA base pairs and biotin was plotted vs. time of irradiation in Figure 2 . The labeling was quite rapid in the first hour as 1 biotin residue was incorporated per 30 base pairs. Additional labeling, occurred at a slower rate, with a ratio of 1 biotin per 16 base pairs at 4 h irradiation time.
Attempts to evaluate the two spermine linker analogs SP1 (V) and SP2 (VII) at the same concentrations used for PEG analog I caused precipitation of the DNA. Therefore, a more dilute binding reaction was performed to give a relative comparison of Relative sensitivity of angelicin compounds for hybrid detection by sample labeling method. Whole cell lysates were labeled with BPA, SP1 and SP2 and 300 yL aliquots were hybridized with common urinary tract infection pathogens Esherichia coli (EC), Staphylococcus epidermis (STA), Streptococcus faecalis (STR), and Proteus miribilis (PRD) at a concentration of 10° cells per mL, respectively. these analogs. The spermine-linker analogs were prepared as 50 yL samples containing 10 yM analog and 33 yg/mL (50 yM base pairs) calf thymus DNA in 0.1 M sodium phosphate buffer, pH 7.0, 0.5 M NaCl. A 50 yL sample containing Biotinyl-PEG-analog I was also prepared in a similar low ionic strength medium. Each sample was irradiated for 1 h, extracted and analyzed as above. The ratio of DNA base pairs to biotin are shown in Table 1 for both irradiated and non-irradiated samples. The analog SP1 (V) labeled the DNA twice as much as the analog SP2 (VII) and ten-fold as much as the PEG-linker analog I. Analog VII seemed to be more difficult to extract from the DNA, as indicated by the significant biotin content of the non-irradiated sample. Also, PEG analog I labeled more efficiently in very low ionic strength solution than in saline solution. Further optimization of the labeling efficiences of these reagents was not attempted.
For comparison, the labeling efficiencies of azidophenylcontaining photoaffinity labels photobiotin (1) and biotinyl-PEG-azide (2) with ss DNA probes using a previously published procedure (2) and at concentrations initially used to evaluate PEG analog I gave incorporation ratios of 1 biotin per 50 bases of ss DNA.
Recently, we have developed a method of sample labeling and simultaneous hybridization with a panel of probes for the .43Q8<
